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ABSTRACT
Context. The existence of hot Jupiters is still not well understood. Two main channels are thought to be responsible for their current location:
a smooth planet migration through the proto-planetary disk or the circularization of an initial high eccentric orbit by tidal dissipation leading to
a strong decrease of the semimajor axis. Different formation scenarios result in different observable effects, such as orbital parameters (obliq-
uity/eccentricity), or frequency of planets at different stellar ages.
Aims. In the context of the GAPS Young-Objects project, we are carrying out a radial velocity survey with the aim to search and characterize
young hot-Jupiter planets. Our purpose is to put constraints on evolutionary models and establish statistical properties, such as the frequency of
these planets from a homogeneous sample.
Methods. Since young stars are in general magnetically very active, we performed multi-band (visible and near-infrared) spectroscopy with
simultaneous GIANO-B+HARPS-N (GIARPS) observing mode at TNG. This helps to deal with stellar activity and distinguish the nature of radial
velocity variations: stellar activity will introduce a wavelength-dependent radial velocity amplitude, whereas a Keplerian signal is achromatic. As
a pilot study, we present here the cases of two already claimed hot Jupiters orbiting young stars: HD 285507 b and AD Leo b.
Results. Our analysis of simultaneous high-precision GIARPS spectroscopic data confirms the Keplerian nature of HD285507’s radial velocities
variation and refines the orbital parameters of the hot Jupiter, obtaining an eccentricity consistent with a circular orbit. On the other hand, our
analysis does not confirm the signal previously attributed to a planet orbiting AD Leo. This demonstrates the power of the multi-band spectroscopic
technique when observing active stars.
Key words. Instrumentation: spectrographs – Planetary systems – Technique: spectroscopic – Stars: activity – Techniques: radial velocities –
Stars: individual: HD 285507, AD Leo
1. Introduction
The discovery of the first hot Jupiter (HJ), 51 Peg b
(Mayor & Queloz 1995), orbiting with a period of 4.23 days
around its host star, challenged our assumptions about planetary
formation, even inside our own Solar System. The subsequent
discoveries of the Kepler mission (see e.g. Batalha 2014), which
revealed the diversity of planetary system architectures, clearly
demonstrated that most of the main features of the Solar Sys-
tem are only one occurrence within a wide range of possibilities.
This consideration strengthened the interest in the field of exo-
⋆ Based on observations made with the Italian Telescopio Nazionale
Galileo (TNG) operated by the Fundación Galileo Galilei (FGG) of the
Istituto Nazionale di Astrofisica (INAF) at the Observatorio del Roque
de los Muchachos (La Palma, Canary Islands, Spain). Partly based on
data obtained with the STELLA robotic telescopes in Tenerife, an AIP
facility jointly operated by AIP and IAC.
planet discovery to obtain a large sample of well-characterized
giant exoplanets.
Different theories were developed in order to explain the
origins and properties of HJs. These include in-situ forma-
tion (Batygin et al. 2016; Boley et al. 2016; Maldonado et al.
2018), migration due to the Kozai mechanism (Kozai 1962),
disk migration (Lin & Papaloizou 1986), planet-planet scatter-
ing (Chatterjee et al. 2008) and secular chaos (Wu, & Lithwick
2011). All of these scenarios are characterized by differ-
ent timescales and are expected to produce observable ef-
fects that can be used to assess their relative effectiveness
(Dawson & Johnson 2018). These include differences in orbital
parameters (eccentricity and/or obliquity), age-dependent fre-
quency of different systems architectures, and differences in at-
mospheric composition depending on formation site and migra-
tion history.
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The search for planets around young stars across a wide
range of stellar ages (from few Myrs to few hundreds of Myrs)
provides an opportunity to study ongoing and recent planet for-
mation. These systems can help evaluate the role played by vari-
ous migration mechanisms, and the influence that formation site
and orbit evolution have on the observed planetary diversity.
To date, the sample of claimed young close-in exoplan-
ets is limited. In addition to a handful of young directly im-
aged systems (Bowler 2016), there are six planets discovered
with RV and/or transit techniques, with ages younger than ∼20
Myr: PTFO 8-8695 b (3 Myr, van Eyken et al. 2012; Yu et al.
2015), V830 Tau b (2 Myr, Donati et al. 2016), CI Tau b (2 Myr,
Johns-Krull et al. 2016), K2-33 b (5-10 Myr, David et al. 2016;
Mann et al. 2016), TAP26 (10-15 Myr, Yu et al. 2017), V1298
Tau b (23 Myr, David et al. 2019). As a matter of fact, past
surveys avoided young stars in their samples due to their high
activity level. The stellar activity, indeed, makes the detection
of young HJs very difficult, since the planetary radial velocity
(RV) signal is buried in the stellar noise. This issue has led to
biased statistics or the retraction of previously claimed planets
after subsequent investigations (e.g. Carleo et al. 2018).
Although the number of HJs around young stars is small,
it is still higher than expected based on statistics of older stars
(Yu et al. 2017). Extending the observed sample of exoplanets
orbiting young stars is crucial to better understand planet forma-
tion.
The direct imaging method can only detect relatively cold
massive planets at wide separation from their host stars (Chauvin
2018), and therefore does not contribute to the HJs sample. High-
resolution spectroscopy and RV monitoring together with the
transit method are well suited to enlarge the HJ sample. The
complementarity of these methods is useful for planet valida-
tion and provide diagnostics of stellar magnetic activity. Simul-
taneous multi-band spectroscopy represents a powerful tool to
overcome the contamination in the spectra caused by the stellar
activity. RV jitter due to the activity is reduced in the NIR with
respect to the VIS range, due to the smaller contrast between
stellar spots and the rest of the stellar disk (Prato et al. 2008;
Mahmud et al. 2011; Crockett et al. 2012). Therefore, coupling
near-infrared (NIR) and visible (VIS) observations can clearly
identify the contribution attribute to activity. If the RV variation
is solely due to Keplerian motion of a planet, the signal strength
will be wavelength-independent (e.g. González-Álvarez et al.
2017, Benatti 2018 and references therein).
In this paper, we present the first results of the GAPS
(Global Architecture of Planetary Systems) Young Objects
Project, based on the observations of stars with claimed planets.
We report the RV analysis for two previously announced
hot-Jupiter planets orbiting around HD 285507 (Quinn et al.
2014) and AD Leo (Tuomi et al. 2018). These observations were
performed in GIARPS mode (Claudi et al. 2017), which simul-
taneously uses HARPS-N (Cosentino et al. 2012) in the VIS
range (0.39 – 0.68µm) and GIANO-B (the NIR high-resolution
spectrograph at Telescopio Nazionale Galileo, TNG, Oliva et al.
2006) in the NIR range (0.97 – 2.45 µm). Both spectrographs
are mounted on the 3.6m Telescopio Nazionale Galileo in La
Palma, Spain. Although these stars are not extremely young, this
work demonstrates the power of the multi-band spectroscopy
technique in distinguishing the activity signal from variation
due to a planetary companions.
This paper is organized as follows: we describe the GAPS
Young Objects Project and its objectives in Section 2; we present
the observations and analysis for HD 285507 in Section 3, and
for AD Leo in Section 4. The interpretation of the data is pre-
sented in Section 5. We draw our conclusions in Section 6.
2. GAPS Young Objects Project
The GAPS project (Covino et al. 2013) started in 2012 as
a radial velocity survey with HARPS-N (a cross-dispersed
high-resolution echelle spectrograph, Cosentino et al. 2012;
Cosentino et al. 2014) at the TNG. The aim was to determine
the planet frequency around different types of host stars. A new
phase of the project has been recently initiated by taking ad-
vantage of the unique capabilities of the GIARPS mode. With
this new facility, which obtains simultaneous multi-wavelength
spectroscopy and can isolate the contribution by stellar activity,
the GAPS project intends to explore planetary systems diversity
with observations of planetary atmospheres (Borsa et al. 2019,
Pino et al. submitted) and the detection of planets around young
stars. With this purpose, the Young Objects Project searches for
planets around young stars spanning from ∼ 2 Myr (e.g., Taurus
star forming region) to 400-600Myr ages (e.g., members of open
clusters such as Coma Ber, and moving groups such as Ursa Ma-
jor). Some known planet candidates are included in the sample
for independent confirmation.
A dense cadence of RV observations in individual observ-
ing season is mandatory for characterizing the effects of mag-
netic activity, using techniques such as Gaussian processes
(Damasso & Del Sordo 2017; Malavolta et al. 2018) and kernel
regression (Lanza et al. 2018). This is achieved thanks to the
sharing of telescope time with similar observing programs (e.g.
HARPS-N GTO). In order to help the reconstruction of the be-
haviour of active regions of stellar surface, we also acquired pho-
tometric time series of most of our targets using the STELLA
(STELLar Activity) telescopes for northern targets (see Sec. 4.1)
and REM (Rapid Eye Mount) at La Silla for equatorial targets
(Carleo et al. 2018).
With this sample, we expect to be able to confirm or dis-
prove the significantly higher frequency of HJ at very young ages
(Yu et al. 2017). In addition, we hope to distinguish among the
timescales of the HJ migration, by comparing the frequencies
and properties of planets at the age of few Myr to those at a
few hundreds Myr, and to those orbiting older stars. Depending
on the level of magnetic activity, we also expect to be sensitive
to lower mass (Hot Neptunes, HNs) and longer period (warm
Jupiters) planets around the intermediate-age stars (Malavolta
et al. 2020, in prep.; Quinn et al. 2020 in prep.). These plan-
ets will enable us to investigate different regimes of planetary
migration, and to explore the possibility that a fraction of HNs
evolved from partially evaporated HJs. Our sensitivity to warm
Jupiters nicely complements the detection parameter-space of
NASA’s TESS (Transiting Exoplanet Survey Satellite) satellite
(Ricker et al. 2015), which is limited by the 27 days duration of
the observation for a large fraction of the sky. We have started to
exploit the availability of short-period transit candidates around
young stars provided by the TESS mission, with the validation
of the 40 Myr old planet around DS Tuc (Benatti et al. 2019;
Newton et al. 2019). This will ensure a better efficiency for the
survey as opposed to a blind search. Furthermore, the knowl-
edge of planetary radius from transits is critical for the physical
characterization of the planet, providing additional diagnostics
to disentangle the formation and migration path of close-in plan-
ets.
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3. HD 285507
In this Section we present the RV measurements of the star
HD 285507, a member of the Hyades open cluster (age=625 ±
50 Myr, Perryman et al. 1997, or a more recent estimation of
650 ± 70 Myr, Martín et al. 2018). It is a K4.5 star, with magni-
tudes V=10.5, J=8.4, H=7.8, K=7.7 (Cutri et al. 2003), v sin i =
3 km s−1 (Chaturvedi et al. 2016) and a rotational period of 11.98
days (Delorme et al. 2011). It is also a star with a relatively low
activity level, according to the chromospheric index logR′
HK
=
-4.54, calculated through the dedicated tool of the HARPS – N
DRS with the method provided in Lovis et al. 2011, as imple-
mented on YABI workflow (Hunter et al. 2012).
Quinn et al. (2014) claimed the presence of a slightly ec-
centric (e=0.086) hot Jupiter around this star. RVs from TRES
spectra (Tillinghast Reflector Echelle Spectrograph at the Fred
L. Whipple Observatory in Arizona, Fu˝rész et al. 2008) show a
root mean square (r.m.s.) scatter of 89.5 m s−1 and a period of
6.0881 days. Since no correlation between RVs and S-index was
found, they attributed the origin of the RV variationswith a semi-
amplitude of 125.8 m s−1 to a companion of minimum mass of
0.917MJ. However, since the planet period is close to half the
stellar rotational period, further confirmation of such a planet
is necessary. Moreover, if confirmed, the moderate eccentricity
could constrain which migration channel is responsible for the
short period of this planet.
3.1. Observations and data reduction
We monitored this star in GIARPS mode between 2017 Oct
18 and 2018 Mar 31, in order to gather simultaneous multi-
wavelength high resolution spectra. A summary of the available
data from HARPS-N and GIANO-B and their properties are pre-
sented in Table 1. The dataset is composed of 30 GIANO-B
spectra and 18 HARPS-N spectra. The difference in the num-
ber of spectra between the two instruments is due to the different
exposure times necessary to have a similar signal-to-noise ratio
(SNR) from the two spectrographs, and reach the fixed detection
integration time (DIT) for the NIR.
GIANO-B data were reduced with both the on-line Data
Reduction Software (DRS) pipeline (Harutyunyan et al. 2018)
and the off-line GOFIO pipeline (Rainer et al. 2018). The
GIANO-B RVs (Table A.1) were obtained by calculating the
weighted average RV for each exposure and its corresponding
error from the RVs of the individual orders (Carleo et al. 2016,
2018). The HARPS-N RVs (Table A.2) were obtained with the
HARPS-N DRS, using the K5 mask template, and also with
the TERRA pipeline (Anglada-Escudé & Butler 2012). Since
TERRA RVs are consistent within the errors to the DRS values,
hereinafter we only consider the DRS outputs for this target,
having smaller errors.
3.2. Data analysis and results
3.2.1. HARPS-N data
We computed the Generalised Lomb-Scargle (GLS) peri-
odogram (Zechmeister & Kürster 2009) for HARPS-N data
(Fig. 1, upper panel), which exhibits a highly significant peri-
odicity at 6.095 days, i.e. very close to the periodicity found
by Quinn et al. (2014). The orbital fit is obtained from the VIS
RVs, in a Bayesian framework using the package PyORBIT1
1 Available at https://github.com/LucaMalavolta/PyORBIT
Fig. 1. Top: GLS of HD 285507 for HARPS-N data. Bottom: GLS of
HD 285507 for GIANO-B data. The black vertical dashed line repre-
sents the rotational period at 11.98 days, while the red vertical dashed
line marks the proposed planet period at 6.0881 days. The horizontal
dot-dashed line indicates the power level corresponding to a FAP =
0.01%.
(Malavolta et al. 2016, 2018). The parameter space was sampled
using the affine invariant Markov chain Monte Carlo (MCMC)
ensemble sampler emcee (Foreman-Mackey et al. 2013), with
starting conditions obtained with the global optimization code
PyDE2. We run the sampler for 50000 steps with 44 walkers,
for a total of 13200 posterior samplings per each parameter,
after removing the first 20000 steps as burn-in and applying
a thinning factor of 100. The resulting RV semi-amplitude is
K=137.9± 4.4m s−1, the period is P=6.0950+0.0043−0.0046 days and the
eccentricity e=0.043+0.033−0.028, showing a good agreement with the
result obtained by Quinn et al. (2014).
The residuals from the VIS orbital fit have a scatter of 10 m
s−1 with a peak in the periodogram of 31 days that has a false
alarm probability (FAP) of 23%, i.e. not highly significant. The
FAP is estimated via a bootstrap method, generating 10,000 arti-
ficial RV curves obtained from the real data, keeping the epochs
of observations fixed but making random permutations in the RV
values.
2 Available at https://github.com/hpparvi/PyDE
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Table 1. Summary of the spectroscopic data of HD 285507. For each dataset we list the instrument used for the observations, the number of
spectra, the median S/N, the RV nominal internal error (σRV ) and the RV r.m.s. scatter.
Instrument Nspectra SNR σRV RV r.m.s.
(km s−1) (km s−1)
GIANO-B 30 39 0.061 0.119
HARPS-N 18 42 0.003 0.105
3.2.2. GIANO-B data
The GLS and orbital fit analyses were also performed for
GIANO-B data. The NIR periodogram (Fig. 1, bottom panel)
shows a significant periodicity at 6.105 days. The small num-
ber of GIANO-B data and their larger errors in the RV mea-
surements do not allow for a proper estimate of the eccentricity,
hence we performed the NIR orbital fit assuming a circular orbit,
motivated by the low eccentricity found in the HARPS-N data.
Moreover, our main goal in this case was to verify the semi-
amplitude of the planetary signal in the NIR, with respect to the
VIS one. The resulting semi-amplitude is 143.4 ± 16.6 m s−1.
This value coincides with that obtained from HARPS-N spec-
tra, Within the errors. After subtracting the NIR orbital fit, the
r.m.s. of NIR residuals is 48.4 m s−1, and the corresponding pe-
riodogram shows a non-significant peak at 28 days.
Comparing the VIS and NIR datasets, HARPS-N and
GIANO-BRVs show a similar RV r.m.s., i.e., 105 and 119m s−1,
respectively (Table 1). Moreover, VIS and NIR semi-amplitudes
are consistent within the error bars, confirming the Keplerian na-
ture of the RV variation.
3.2.3. NIR-VIS joint fit
We also performed a joint Keplerian fit of the TRES, HARPS-
N and GIANO-B RVs. Our model includes an eccentric or-
bit for the planetary signal, and independent offset and jitter
terms for each dataset, for a total of 11 parameters. Following
Eastman et al. (2013), we sampled the orbital period (P) and
the RV semi-amplitude (K) in logarithmic space, employing the
k =
√
e cosω⋆ and h =
√
e sinω⋆ parametrization for the ec-
centricity (e) and the argument of periastron (ω⋆). Instead of fit-
ting for the central time of transit TC (not available in our case),
we fitted the combination φ = ω⋆ + M0, where M0 is the mean
anomaly at an arbitrary reference time Tref = 2456399.0 (Ford
2006). A summary of orbital parameters obtained from the fit-
ting of data taken with different instruments is reported in Table
2.
The resulting orbital solution gives a RV semi-amplitude of
K=131.3± 3.5m s−1, a period of P=6.0962± 0.0002days and an
eccentricity of e=0.023+0.024−0.015, that is consistent within 1.5 σ of a
circular orbit. The corner plot in Fig. 2 shows the correlations
between the orbital parameters: no evident correlation is visible.
The orbital model is represented in Fig. 3 as dashed line, while
VIS and NIR RVs are overplotted. The median and 1σ interval
confidence of the parameters are reported in Table 2. The NIR
and VIS RVs acquired simultaneously are almost all consistent
with each other within 1σ. This leads to the confirmation of the
Keplerian nature of RV variations, also supported by a strong
correlation between VIS and NIR RVs (Fig. 4), with a Spear-
man and Pearson correlation coefficients of 0.89 and 0.94, re-
spectively. This correlation has been obtained considering only
the common nights between the VIS and NIR datasets and aver-
aging the VIS RVs in the same night.
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HD 285507 from the MCMC fit.
3.2.4. Stellar parameters determination
Finally, we determined the mass and radius of the star fol-
lowing the same approach described in Borsato et al. (2019).
Briefly, with the isochrone package (Morton 2015) we per-
formed an isochrone fit using as priors the Gaia DR2 dis-
tance (d = 45.03 ± 0.25 pc, Bailer-Jones et al. 2018), the
photometry from the Two Micron All Sky Survey (2MASS;
Cutri et al. 2003; Skrutskie et al. 2006), the Wide-field Infrared
Survey Explorer (WISE;Wright et al. 2010), and Johnson B and
V photometry, together with the photospheric parameters from
Quinn et al. (2014). We constrained the age between 550 and
750 Myr, consistent with the value usually adopted for the
Hyades (Perryman et al. 1997). For stellar models, we used
both MESA Isochrones and Stellar Tracks (MIST; Choi et al.
2016; Dotter 2016; Paxton et al. 2011) and the Dartmouth Stel-
lar Evolution Database (Dotter et al. 2008). We obtained M⋆ =
0.771 ± 0.006M⊙ and R⋆ = 0.699 ± 0.004R⊙, which converts
the RV semi-amplitude into a minimum mass of the planet of
Mp sin i = 0.992 ± 0.026MJ.
4. AD Leo
In this Section we present the RV measurements of AD Leo
(Gl 388, M4.5Ve, V=9.5, H=4.8, Reiners et al. 2013). AD Leo
is a very close (distance of 4.9 pc, Pettersen & Coleman 1981)
active star, with an estimated age between 25 and 300 Myr
(Shkolnik et al. 2009), and v sin i = 3 km s−1 (Reiners 2007). AD
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Table 2. Summary of the orbital parameters of HD 285507 resulting from the fitting model for different instruments.
Instrument P K e ω
(d) (m s−1) deg
GIANO-B 6.1037 +0.0131−0.0135 143.4 ± 16.6 Circular -
HARPS-N 6.0950+0.0043−0.0046 137.9 ± 4.4 0.043+0.033−0.028 297 ± 57
HARPS-N + GIANO-B + TRES 6.0962 ± 0.0002 131.3 ± 3.5 0.023+0.024−0.015 206 ± 75
TRES (Quinn et al. 2014) 6.0881 +0.0019−0.0018 125.8 ± 2.3 0.086 +0.018−0.019 182 ± 11
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Fig. 3. Orbital fit (black line) of HD 285507 at 6.0962 days obtained
combining the visible data from HARPS-N (blue diamonds) and TRES
(green dots), and GIANO-B RVs (red dots) in the NIR.
Fig. 4. Correlation between simultaneous VIS and NIR RVs of
HD 285507.
Leo has an inclination of the rotation axis of ∼20° according to
Morin et al. (2008) and ∼15° according to Tuomi et al. (2018),
so it is seen nearly pole-on.
Given its brightness and proximity, AD Leo is a very well
studied star. Hawley & Pettersen (1991) observed AD Leo in
the 1200-8000 Å wavelength range, collecting photometric data
with a standard two-star photometer attached to the 0.9 m tele-
scope at McDonald Observatory, and spectroscopic data with the
Electronic Spectrograph No. 2 at the 2.1 m Struve telescope
at the same site. They also employed ultraviolet spectra ob-
tained with the International Ultraviolet Explorer (IUE) satellite
(Boggess et al. 1978). This joint analysis reported a giant flare
which lasted for more than 4 hours.
Hunt-Walker et al. (2012), using MOST (Microvariability
and Oscillations of Stars satellite) observations, captured 19
flares in 5.8 days and found a sinusoidal modulation in the light
curve with a period of 2.23 days, attributing it to the rotation
of a stellar spot. This period is consistent with the 2.24 d rota-
tional period found by Morin et al. (2008) through the Zeeman
Doppler Imaging (ZDI) analysis. A further confirmation of this
rotational period came from the HARPS RV variations found
by Bonfils et al. (2013b). Their periodogram analysis showed a
peak at 2.22 days, and the strong correlation between RVs and
bisectors demonstrated that stellar activity was the source of the
RV variation.
Very similar results were found by Reiners et al. (2013),
studying the Zeeman effect on RV measurements, interpreting
the 2.22704 d periodicity as originating from the corotation of
star spots on the stellar surface, since the line asymmetries were
correlated with the RV modulation. Very recently, Lavail et al.
(2018) reported a sudden change in the surface magnetic field of
AD Leo, through the study of magnetic maps using ZDI from
ESPaDOnS spectropolarimetric data. The significant change in
the shape of the circular polarisation profiles was attributed to a
decrease of the total magnetic field of about 20% between 2012
and 2016.
Finally, Tuomi et al. (2018) presented a photometric and
spectroscopic analysis of AD Leo, proposing the presence of
a planet orbiting the star in a spin–orbit resonance in order
to explain the RV variations from HARPS and HIRES spec-
tra (Vogt et al. 1994). They found a photometric period of
2.22791+0.00066−0.00055 days from ASAS photometry, and a spectro-
scopic period of 2.22579+0.00014−0.00023 days. Although the photometric
and spectroscopic periods are very close and a strong correlation
between HARPS RVs and bisector values was found, they
performed tests on colour and time invariance of the RVs. First
they divided the 72 HARPS orders in six sets of 12 orders
each and calculated the weighted mean velocities, finding the
signal to be independent of the selected wavelength range. Then
they subdivided HARPS spectra in three different temporal
subsets, treating them as independent datasets over a period
of 60 days and found a stable periodic variability, consistent
with a time-invariant signal. On the basis of these results, they
proposed that the RV variations are due to Keplerian motion
(with a semi-amplitude of 19.1 m s−1) rather than to the effects
of stellar activity.
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4.1. Observations and data reduction
We performed GIARPS observations over three months (April-
June) in 2018 in order to clarify the nature of the RV variations
in AD Leo, coupling VIS and NIR spectroscopy. The GIARPS
dataset is composed of 42 HARPS-N spectra and 25 GIANO-B
spectra. An additional set of HARPS-N observations has been
acquired between November 2018 and January 2019, collecting
21 more spectra.
For a consistent comparison between our data and that pre-
sented in the discovery paper, HARPS-N RVs were extracted
with the TERRA pipeline, and are listed in Table A.3. Hence-
forth, the first and second HARPS-N datasets will be named
HT1 and HT2, respectively. We also extracted the RVs with the
HARPS-N DRS for comparison (HD1 and HD2).
GIANO-B data were reduced with both the on-line DRS
pipeline and the off-line GOFIO pipeline and divided in two dif-
ferent datasets (hereafter called G1 and G2). Technical opera-
tions on the instrument, including a whole system re-alignment,
were performed between the acquisition of the two datasets and
introduced drifts in our data. The GIANO-B RVs (Table A.4)
were obtained with the method described in Carleo et al. (2016).
A summary of the available data from HARPS-N and GIANO-B
and their properties are presented in Table 3.
During the same period as the GIARPS observations, we ob-
tained 34 nights of photometric observations of AD Leo with the
robotic 1.2m STELLA telescope (Strassmeier et al. 2004) and its
wide-field imager WiFSIP (Weber et al. 2012). Each observing
block consisted of four exposures in Johnson V band with an ex-
posure time of 6s, and four exposures in Cousins I band with 3s
exposure time. The photometric data for V and I bands are listed
in Tables A.5 and A.6, respectively.
We performed the data reduction following the steps detailed
in Mallonn et al. (2018). In brief, a bias and flatfield correction
was applied by the STELLA data reduction pipeline, and aper-
ture photometry was executed with SExtractor3. Different se-
lections of nearby comparison stars were tested. The photomet-
ric signal of the target was found to be insensitive with respect to
the choice of those stars, and the final comparison star was taken
according to the minimization of point-to-point dispersion. We
rejected data points that deviated significantly from the average
flux level, Point Spread Function (PSF) shape and width, and
level of background flux. In the end, we were left with 116 indi-
vidual measurements in the V and I filters.
4.2. Data analysis and results
As mentioned in Sec. 4.1, our data consist of GIARPS spectra,
plus an additional HARPS-N dataset, that are analysed sepa-
rately and presented in the next sections.
4.2.1. GIARPS dataset
HARPS-N data
The HARPS-N periodogram of the HT1 dataset (Fig. 5) exhibits
a highly significant periodicity at 2.2231 days. The fitting model
(using the package PyORBIT) shows a period of 2.2244± 0.0010
days, an RV semi-amplitude of 33.0 ± 0.7 m s−1, and an eccen-
tricity of 0.176+0.018−0.019. After subtracting the orbital fit, the residu-
als r.m.s is 2.6 m s−1, with no significant periodicity.
3 https://sextractor.readthedocs.io/en/latest/Introduction.html
Fig. 5. GLS of AD Leo for HARPS-N data (HT1). The black vertical
dashed line is the rotational period at 2.22791 days, while the red ver-
tical dashed line is the proposed planet period at 2.22579 days (both
periods by Tuomi et al. 2018). The two lines overlap each other.
Fig. 6. Correlation between VIS-TERRA RVs and BIS of AD Leo.
We also investigated the correlation between the TERRA
RVs and the BIS (Queloz et al. 2001) obtained with the
HARPS-N DRS, in order to understand the variability of the line
profile due to stellar activity. Fig. 6 shows a strong correlation
(Spearman correlation coefficient of -0.76, Pearson correlation
coefficient of -0.74), indicating that the RV variations could be
due to stellar activity rather than a Keplerian signal. This result
is also supported by the fact that, when comparing the RVs ob-
tained by the DRS and the TERRA pipelines, they show different
amplitudes. Fig. 7 shows the RVs provided by the two different
RV calculation methods with the corresponding Keplerian fits:
the modulation amplitude is lower for TERRA RVs.
GIANO-B data
TheGLS and orbital fit analysis was also performed for GIANO-
B data. The NIR periodogram shows a low significant periodicity
at 11.5228 days, and our fit of GIANO RVs does not reveal the
presence of any significant periodicity. We then performed an-
other fit by using a Gaussian prior of 2.225 ± 0.020 days on the
period and limiting the eccentricity to 0.3, based on the results
from the HARPS-N fit, in order to assess the detection limit of
the HARPS-N signal in the GIANO dataset. We found a 3σ up-
per limit on the semi-amplitude of the signal of 23 m s−1 (99.7th
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Table 3. Summary of the spectroscopic data of AD Leo. For each dataset we list the instrument used for the observations, the number of spectra,
the median SNR, the RV nominal internal error (σRV ), and the RV r.m.s. scatter. We report the HARPS-N results from the TERRA pipeline.
Dataset Nspectra SNR σRV RV r.m.s.
(km s−1) (km s−1)
GIANO-B (G1) 12 180 0.019 0.019
GIANO-B (G2) 13 186 0.017 0.019
HARPS-N (HD1) 42 74 0.001 0.030
HARPS-N (HD2) 21 78 0.001 0.016
HARPS-N (HT1) 42 74 0.001 0.022
HARPS-N (HT2) 21 78 0.001 0.011
Fig. 7. Comparison between DRS (green dots, HD1) and TERRA (blue
diamonds, HT1) RVs with the corresponding Keplerian fits (dotted
lines) phased at 2.2244 days.
percentile of the distribution), clearly incompatible with the 33.0
± 0.7 m s−1 measured with HARPS-N. A summary of Keplerian
fit parameters obtained from data of different instruments and
pipelines is reported in Table 4.
Fig. 8 shows the VIS orbital fit together with the phase-
folded VIS and NIR RVs. The NIR RVs do not lie on the
VIS orbital curve. This strongly argues against a Keplerian
explanation for the RV variations. This conclusion is also
supported by the strong correlation between VIS RVs and BIS
(Fig. 6). The r.m.s. of the RVs corrected for this trend is 14 m
s−1 as compared to the original r.m.s. of 22 m s−1.
4.2.2. Additional HARPS-N dataset and confirmation of the
activity-induced RV variation
The result from the multi-wavelength observations, described
in Sec. 4.2.1, is further supported by the last additional set of
HARPS-N observations (HT2), that shows a significantly lower
amplitude in comparison with the previous VIS dataset. The pe-
riodogram of the HT2 dataset (Fig. 9) exhibits a significant pe-
riodicity at 2.2238 days, while the fitting model has a period of
2.2225± 0.0044 days and an RV semi-amplitude of 13.4± 1.4 m
s−1. After subtracting the model fit, the RV residuals have an
r.m.s. of 4.1 m s−1 with a insignificant peak in the corresponding
periodogram at 39 days. In Fig. 10 a comparison between HT1
and HT2 is shown. The change in amplitude and phase between
Fig. 8. Keplerian fit (black dotted line) at 2.2244 days obtained with
the visible data (HARPS-N, blue diamonds), with GIANO-B RVs (red
dots) overplotted.
Fig. 9. GLS of AD Leo for the second HARPS-N dataset (HT2). The
black vertical dashed line indicates the maximum period of the NIR
periodogram at 2.2238 days.
the two periods is clear and demonstrates the non-Keplerian ori-
gin of the RV variation.
4.2.3. STELLA dataset
We investigated the GLS of the STELLA light curves (see Fig.
11), acquired quasi-simultaneously to the HT1 dataset. We found
that the period with the highest power occurs at Prot, phot =
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Fig. 10. Comparison between the VIS RVs obtained from TERRA
pipeline in the two different observing seasons (HT1, blue diamonds,
and HT2 in pink dots).
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Fig. 11. Upper plot. GLS periodograms of the STELLA photometric
data. The stellar rotation period P = 2.237 ± 0.035 days is clearly de-
tected in both bands (and marked by a vertical dotted line), together
with the 1-day alias. Bottom plot. Window function of the STELLA
photometric data.
2.237 ± 0.035 days, calculated fitting a Gaussian function to the
main peak of the periodogram4, and adopting the width of the
Gaussian profile as the uncertainty. The periodic modulation is
more strongly detected in V-band photometry than in I-band,
indicating that it is mainly due to dark spots on the stellar photo-
sphere.
Fig. 12 shows a comparison between the nearly-
simultaneous photometric and RV curves both phase folded at
the rotation period Prot, phot and using the same epoch as the
zero-point in phase. A clear shift of ∼0.25 in phase (∼0.6 days)
is evident between the photometric and RV curves.
4 using LMFIT, a non-linear least-squares minimization and curve-
fitting for Python.
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Fig. 12. Upper plot. STELLA photometric data phase folded to the stel-
lar rotation period P = 2.237 days found with GLS. Bottom plot. Radial
velocities of AD Leo, extracted with the TERRA and DRS pipelines,
phase folded using the same period and phase of photometry.
5. Discussion
5.1. HD 285507
The analysis of RV measurements of the star HD 285507, a
member of the Hyades open cluster, confirms the presence of
the hot Jupiter planet announced by Quinn et al. (2014), since
HARPS-N and GIANO-B RVs show similar semi-amplitudes
within the error bars.
Among the hot Jupiters with measurements of the orbital ec-
centricity, HD 285507 b stands out as one of the few planets with
a well-determined age, making it a reference for studying the
mechanisms of formation of hot Jupiters (Dawson & Johnson
2018). One may be tempted to take the circular orbit of HD
285507b as evidence of formation through type II migration in
a circumstellar disc (e.g., Lin & Papaloizou 1986). However, we
caution that the large uncertainties in the efficiency of tidal dis-
sipation inside hot Jupiters and their host stars prevent us from
drawing conclusions in any single case (cf. Bonomo et al. 2017).
We aim at extending the sample of useful systems through our
GAPS project.
5.2. AD Leo
We employed multi-wavelength spectroscopy to investigate the
presence of a hot Jupiter around the very active star AD Leo, as
proposed by Tuomi et al. (2018). Our GIARPS data show that
the modulation of the VIS RVs is not reproduced by the simul-
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Table 4. Summary of the Keplerian parameters of AD Leo resulting from the fitting model.
Instrument/Pipeline Period K e ω
(days) (m s−1) (deg)
GIANO-B (G1+G2) 2.2246 ± 0.0219 < 23 - -
HARPS-N (HT1) 2.2244 ± 0.0010 33.0 ± 0.7 0.176+0.018−0.019 63 ± 6
HARPS-N (HT2) 2.2225 ± 0.0044 13.4 ± 1.4 0.330 ± 0.089 262 ± 22
taneous NIR RVs, strongly rejecting the Keplerian nature of the
VIS RV variations.
In addition, we detected significant changes in the am-
plitude and eccentricity of the Keplerian best fit to the op-
tical RV modulation, that are not compatible with the pres-
ence of a planet. Stellar magnetic activity is therefore the best
candidate to account for the optical RV variations. We calcu-
lated the minimum-mass detection threshold of the combined
HARPS-N and GIANO-B RV datasets, following the Bayesian
approach from Tuomi et al. (2014). This Bayesian technique
was applied adapting the publicly available emcee algorithm by
Foreman-Mackey et al. (2013). Considering planets with periods
between 1 and 100 d, we are sensitive to planets of minimum
masses Mpsini > 15.5 M⊕, for 1 < P < 10 d, and Mpsini > 29.5
M⊕ for 10 < P < 100 d. It is worth noting that the short-
period detection threshold is well below the mass of the can-
didate planet Mp = 75.4 ± 14.7 M⊕ proposed by Tuomi et al.
(2018).
Tuomi et al. (2018) investigated the available photometric
time series finding a modulation at the rotation period with an
amplitude of 9.3 mmag in the V passband data before about
JD 2455000, while no rotational modulation exceeding 6.7
mmag was observed after that date. With an amplitude of the
optical photometric modulation of 10 mmag and a vsini of 3
km s−1, using Eq. (1) in Desort et al. (2007), we estimate an
RV modulation with an amplitude half of that observed with
HARPS-N. In the NIR the effects of activity on the RV are re-
duced, but not completely absent. This is because the Zeeman
effect may produce RV variations that can counterbalance the
reduced contrast of starspots as shown by Reiners et al. (2013).
In the case of AD Leo, this introduces a further difficulty in ex-
plaining the optical RV variation with a starspot. The model in
Fig. 6 of Reiners et al. (2013) predicts an increase of the RV per-
turbation due to a magnetic spot with a temperature deficit of
700 K in the NIR, except in the K band, as a consequence of
the Zeeman effect. Indeed, very cool spots with a temperature
deficit larger than 1200 K show a rather constant RV perturba-
tion with increasing wavelength because of the reduced emission
in the spotted photosphere that compensates for the Zeeman ef-
fect. In conclusion, in the case of a magnetic spot, we should
expect a detectable modulation also in the GIANO-B RV mea-
surements, which is not the case. Furthermore, the analysis by
Tuomi et al. (2018) shows that the light curve of AD Leo is vari-
able on timescales as short as a few days, suggesting that the
fairly stable RV modulation has a different origin than the pho-
tometric modulation produced by starspots.
The slow change of the optical RV modulation is better ex-
plained by considering the properties of the magnetic field of
AD Leo, which is dominated by a kG dipole aligned with the ro-
tation axis (Morin et al. 2008; Lavail et al. 2018). Spectropolari-
metric observations from 2006 to 2016 have been used to build
ZDI maps of the photospheric field that demonstrate a remark-
able stability in its long-term geometry. The strong dipole, be-
ing axisymmetric and aligned with the rotation axis, cannot in-
duce a rotational modulation of the RV of AD Leo. On the other
hand, extended patches of meridional or azimuthal fields with an
intensity of a few hundred Gauss can modify the photospheric
convective flows and induce apparent shifts in the spectral lines
akin to the quenching of line-shifts observed in solar faculae (cf.
Meunier et al. 2010). These patches appear in the ZDI maps of
Morin et al. (2008) and Lavail et al. (2018) and are not associ-
ated with a reduced brightness of the photosphere because their
fields are not strong enough to produce a local cooling as in
starspots.
Adopting a line shift of 200 m s−1 in those magnetized
patches, similar to the amplitude observed in solar faculae, we
can account for the ∼65m s−1 amplitude of the optical RV mod-
ulation with a filling factor of about 35 percent of the stellar disc.
We can assume an average intensity of 200 G for the diffuse field
in the patches, in agreement with the ZDI maps (Lavail et al.
2018). The corresponding RV modulation produced by the Zee-
man effect can be estimated by means of Eq. (3) of Reiners et al.
(2013), and amounts to 1.1 m s−1 at 500 nm and 12 m s−1 at 1670
nm, that is the average wavelength of GIANO-B observations.
Given the typical error of ±20 m s−1 for our NIR RV measure-
ments, the modulation is undetected in our NIR RV time series.
A stronger field in the patches would imply a stronger quench-
ing of the line shifts, thus requiring a smaller filling factor to
reproduce the optical RV amplitude. This will compensate for
the stronger Zeeman effect in the patches, thus maintaining the
NIR RV modulation below our detection threshold.
The contour map of the residuals of the cross-correlation
function (CCF)5 of AD Leo versus radial velocity and phase is
shown in Fig. 13. It shows bumps, that is positive deviations with
respect to the mean CCF profile (in red), as well as dips, i.e. neg-
ative deviations (in blue). They can be associated with spots that
are cooler and hotter than the unperturbed photosphere, respec-
tively. Their excursion in radial velocity covers the full ±3 km
s−1 range of the v sin i, indicating that those regions reach the
edge of the stellar disk and are not confined to high latitudes
close to the pole. The amplitude of the RV variation produced
by the associated perturbation of the intensity can be estimated
as ∆VR ≃ 2 × v sin i × ∆I × f , where ∆I ∼ 0.008 is the dif-
ference in intensity and f < 1 the filling factor. Therefore, they
can account for a variation of 42 × f m s−1 that is insufficient to
explain the observed amplitude of ∼ 90 m s−1 (cf. Fig. 7). This
supports the interpretation of the RV variation as mainly due to
the quenching of convective blueshifts in magnetized regions of
the photosphere rather than to the flux perturbations in dark spots
or bright faculae.
5 The CCF is provided by YABI by comparing the spectra with a line
mask model.
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Fig. 13. Contour map of the residuals of the CCF of AD Leo versus
radial velocity and rotational phase.
6. Conclusions
In this paper, we have presented the first results of the new RV
survey performed in the framework of the GAPS project, fo-
cused on the detection of young planets. The observations will
be used to estimate orbital parameters and masses, in order to
analyse the observable tracers of dynamical evolution and under-
stand the origin of the observed diversity of planetary systems.
We confirmed the presence of a hot Jupiter around the
Hyades star HD 285507, showing that the amplitude of the RV
variation is identical in VIS and NIR RVs. This represents an
important verification since the planetary orbital period is close
to the first harmonic of the rotational period of the star. With our
new analysis we also refined the value of the orbital eccentricity,
consistent with zero which, in principle, suggests that a type II
migration mechanism could be responsible for the current orbit
of HD 285507 b.
We also demonstrated the chromaticity of the RV variations
of the nearby, active M dwarf AD Leo, ascribing the observed
modulation to stellar activity rather than a planetary companion.
These first results demonstrate the great potential of multi-
band high resolution spectroscopy when observing active stars,
also attested by the study of BD+20 1790, based on GIARPS
commissioning data complemented by GIANO-A and HARPS-
N archive datasets (Carleo et al. 2018). In the NIR regime stellar
activity is reduced, but not completely absent, and an RV signal
from the NIR band alone might lead to erroneous conclusions.
For this reason, for very active stars it is critical to couple differ-
ent wavelength ranges, such as VIS and NIR, in order to compare
the corresponding results, and disentangle the nature of the RV
variations. Our study also shows the relevance of independent
observations and data processing for the confirmation of planets
around young, active stars. While the field of planet detection
using the RV technique is rather mature when considering chro-
mospherically quiet stars, resulting in a limited number of con-
troversial cases, the detection of planets at young ages is more
challenging, making independent studies particularly welcome.
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Appendix A: Tables
Table A.1. Time series of HD 285507 fromGIANO-B data. For each observation
we list radial velocities (RV) and the bisector span (BIS) with the corresponding
uncertainties.
JD-2450000 RV σRV BIS σBIS
(km s−1) (km s−1) (km s−1) (km s−1)
8044.67522 -0.119 0.061 0.048 0.076
8044.68365 -0.070 0.061 0.089 0.078
8050.60310 -0.119 0.061 0.053 0.112
8050.61132 -0.040 0.061 0.003 0.123
8051.67397 0.049 0.061 0.030 0.086
8051.68230 -0.083 0.061 -0.014 0.212
8088.52388 0.168 0.061 0.017 0.076
8088.53215 0.113 0.061 0.011 0.072
8103.55010 0.215 0.061 0.017 0.100
8119.32899 0.089 0.061 0.026 0.073
8119.33730 0.080 0.061 0.057 0.071
8121.38722 0.223 0.061 0.033 0.080
8121.39611 0.316 0.061 -0.006 0.108
8133.39123 0.217 0.061 0.003 0.066
8133.41360 0.248 0.061 0.067 0.067
8184.36706 0.033 0.061 0.021 0.088
8184.37531 0.016 0.061 0.046 0.091
8187.35584 0.258 0.061 0.054 0.133
8187.36514 0.190 0.061 0.074 0.125
8187.37424 0.151 0.061 0.169 0.126
8187.38543 0.178 0.061 -0.035 0.136
8187.39495 0.165 0.061 0.173 0.154
8188.39191 0.238 0.061 0.079 0.076
8188.40016 0.168 0.061 0.066 0.081
8189.33426 0.093 0.061 -0.025 0.082
8189.34257 0.113 0.061 0.017 0.084
8192.37649 0.075 0.061 0.102 0.085
8192.38473 0.091 0.061 0.093 0.092
8209.34898 -0.023 0.061 0.015 0.161
8209.35722 -0.041 0.061 0.031 0.138
Table A.2. Time series of HD 285507 from HARPS-N data. For each observa-
tion we list radial velocities (RV) and the bisector span (BIS) with their related
uncertainties.
JD-2450000 RV σRV BIS σBIS
(km s−1) (km s−1) (km s−1) (km s−1)
8044.68501 37.913 0.002 0.04893 0.003
8050.61281 37.953 0.003 0.02831 0.005
8051.68237 37.979 0.003 0.02613 0.005
8088.53361 38.028 0.002 0.03475 0.004
8102.54544 38.210 0.003 0.04093 0.006
8103.56040 38.129 0.002 0.05498 0.004
8119.33795 38.072 0.002 0.01909 0.005
8121.39496 38.186 0.003 0.05618 0.007
8133.39928 38.193 0.001 0.05813 0.003
8143.45555 38.030 0.003 0.01783 0.007
8147.51170 37.976 0.005 0.04695 0.009
8184.37034 37.967 0.002 0.03755 0.004
8187.35909 38.187 0.004 0.02248 0.009
8187.38850 38.206 0.005 0.06235 0.009
8188.39561 38.202 0.002 0.03938 0.005
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8189.33710 38.080 0.002 0.05129 0.004
8192.37866 38.061 0.002 0.01740 0.005
8209.35035 37.944 0.002 0.04097 0.005
Table A.3. Time series of AD Leo from HARPS-N data. For each observation
we list radial velocities (RV) from TERRA pipeline and the bisector span (BIS)
with their related uncertainties calculated through the YABI workflow.
Dataset JD-2450000 RV σRV BIS σBIS
(km s−1) (km s−1) (km s−1) (km s−1)
(HT1, Apr - Jun 2018) 8213.45462 -0.027 0.001 -0.003 0.002
8214.45708 0.029 0.001 -0.010 0.001
8215.41277 -0.033 0.005 -0.005 0.007
8216.45089 0.011 0.001 -0.005 0.002
8236.47339 0.011 0.001 -0.007 0.002
8238.39345 -0.006 0.001 -0.006 0.001
8238.40626 -0.005 0.001 -0.004 0.001
8238.42611 -0.003 0.001 -0.003 0.001
8238.54064 0.002 0.001 -0.004 0.001
8242.40770 -0.027 0.001 -0.001 0.003
8243.42065 0.033 0.001 -0.011 0.002
8243.49769 0.034 0.002 -0.015 0.003
8244.50529 -0.031 0.002 -0.009 0.004
8245.41667 0.020 0.001 -0.010 0.002
8245.48734 0.028 0.001 -0.010 0.002
8246.42625 -0.026 0.001 -0.004 0.002
8248.44569 -0.002 0.001 -0.008 0.002
8248.49771 -0.004 0.001 -0.006 0.002
8249.44169 -0.011 0.001 -0.003 0.002
8249.49209 -0.009 0.001 0.001 0.003
8251.42651 -0.022 0.001 -0.004 0.003
8251.49558 -0.017 0.001 -0.005 0.002
8252.43995 0.037 0.001 -0.013 0.002
8252.50337 0.041 0.002 -0.014 0.002
8253.44379 -0.029 0.001 -0.003 0.002
8253.50703 -0.028 0.001 -0.002 0.002
8254.38854 0.024 0.001 -0.012 0.003
8254.48513 0.033 0.001 -0.012 0.003
8266.37927 -0.017 0.001 -0.005 0.003
8266.39689 -0.018 0.001 -0.005 0.002
8266.46007 -0.024 0.001 -0.008 0.002
8267.38229 0.000 0.001 -0.006 0.002
8267.39404 0.000 0.001 -0.001 0.002
8267.40140 0.002 0.001 -0.005 0.002
8268.39068 0.010 0.002 -0.008 0.004
8268.45878 0.005 0.004 -0.018 0.007
8269.39814 -0.016 0.001 -0.003 0.002
8270.39871 0.027 0.001 -0.013 0.002
8272.39093 0.032 0.001 -0.010 0.002
8275.39709 -0.022 0.001 -0.003 0.001
8277.39561 0.001 0.001 -0.008 0.001
8279.43523 0.019 0.001 -0.010 0.002
(HT2, Nov 2018 - Jan 2019) 8438.75284 -0.009 0.003 0.015 0.001
8448.75849 -0.002 0.001 -0.007 0.002
8449.75883 0.011 0.001 -0.007 0.002
8451.76844 -0.002 0.001 -0.004 0.003
8453.67788 -0.022 0.004 -0.002 0.002
8453.76103 -0.017 0.001 -0.004 0.001
8474.63715 0.018 0.001 -0.003 0.002
8481.76498 0.006 0.001 -0.002 0.002
8482.79033 -0.007 0.001 -0.004 0.002
8483.80276 0.007 0.001 -0.005 0.002
8484.65702 -0.011 0.001 -0.001 0.002
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8486.80670 -0.010 0.001 -0.004 0.002
8487.70356 0.017 0.001 -0.010 0.002
8488.70446 0.003 0.001 -0.009 0.002
8492.56687 0.009 0.001 -0.010 0.002
8495.76092 -0.003 0.001 -0.003 0.002
8502.56190 -0.008 0.001 0.001 0.002
8503.66212 0.012 0.001 -0.008 0.002
8504.61442 -0.003 0.001 -0.002 0.002
8508.65540 0.001 0.001 -0.008 0.003
8511.59974 -0.005 0.001 -0.005 0.002
Table A.4. Time series of AD Leo from GIANO-B data. For each observation
we list radial velocities (RV) and the bisector span (BIS) with the corresponding
uncertainties.
Dataset JD-2450000 RV σRV BIS σBIS
(km s−1) (km s−1) (km s−1) (km s−1)
GIANO-B 8238.41969 0.117 0.019 0.003 0.015
(G1) 8238.53404 0.143 0.019 -0.028 0.014
8243.41453 0.137 0.019 -0.059 0.015
8243.49110 0.129 0.019 0.001 0.019
8244.49939 0.115 0.019 -0.032 0.021
8245.41037 0.105 0.019 -0.009 0.017
8245.48146 0.090 0.019 -0.007 0.018
8246.43035 0.080 0.019 -0.034 0.014
8248.43926 0.116 0.019 -0.033 0.015
8248.49174 0.127 0.019 -0.030 0.014
8249.43605 0.132 0.019 -0.052 0.014
8249.48646 0.109 0.019 -0.022 0.017
GIANO-B 8266.37480 0.610 0.017 -0.046 0.018
(G2) 8266.39281 0.615 0.017 -0.052 0.016
8266.45613 0.592 0.017 -0.025 0.016
8267.37837 0.586 0.017 -0.060 0.015
8267.39186 0.566 0.017 -0.034 0.013
8267.40012 0.592 0.017 -0.033 0.014
8268.38613 0.587 0.017 -0.027 0.021
8268.45429 0.566 0.017 -0.027 0.031
8269.39477 0.569 0.017 -0.034 0.013
8270.39491 0.583 0.017 -0.039 0.013
8275.39365 0.621 0.017 -0.068 0.013
8277.39237 0.618 0.017 -0.065 0.013
8279.43277 0.596 0.017 0.024 0.013
Table A.5. Time series of AD Leo from STELLA data in V-band. For each ob-
servation we list the photometric normalized flux and its uncertainty.
JD-2450000 Normalized Flux σFlux
8225.49705 0.9982 0.0019
8225.49879 0.9972 0.0019
8225.50054 0.9987 0.0019
8225.50229 0.9996 0.0019
8235.35905 0.9944 0.0021
8235.36083 0.9939 0.0021
8235.36261 0.9905 0.0021
8235.36439 0.9881 0.0021
8238.36017 1.0116 0.0021
8238.36195 1.0149 0.0020
8238.36373 1.0131 0.0019
8238.36550 1.0103 0.0019
8239.36147 0.9908 0.0020
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8239.36324 0.9853 0.0019
8239.36503 0.9933 0.0019
8239.36681 0.9905 0.0020
8242.36014 1.0040 0.0019
8242.36192 1.0009 0.0019
8242.36370 1.0056 0.0020
8242.36547 1.0031 0.0019
8243.36117 0.9993 0.0019
8243.36295 1.0012 0.0020
8243.36472 1.0006 0.0019
8243.36650 0.9992 0.0019
8246.37223 0.9931 0.0020
8246.37401 0.9863 0.0019
8246.37578 0.9877 0.0019
8246.37756 0.9894 0.0019
8247.36200 1.0034 0.0019
8247.36377 0.9958 0.0019
8247.36555 1.0035 0.0019
8247.36732 1.0030 0.0019
8248.36254 0.9940 0.0019
8248.36437 0.9959 0.0019
8248.36615 0.9924 0.0019
8248.36792 0.9902 0.0019
8249.36275 1.0079 0.0020
8249.36451 1.0078 0.0019
8249.36626 1.0043 0.0019
8249.36802 1.0039 0.0019
8250.36504 0.9859 0.0019
8250.36680 0.9836 0.0019
8250.36856 0.9807 0.0020
8250.37031 0.9898 0.0019
8253.37865 0.9982 0.0023
8253.38040 0.9951 0.0022
8253.38222 0.9920 0.0021
8253.38398 0.9962 0.0021
8257.36574 0.9898 0.0020
8257.36751 0.9888 0.0020
8257.36929 0.9899 0.0020
8257.37107 0.9882 0.0019
8258.36617 1.0075 0.0020
8258.36800 1.0067 0.0020
8258.36978 1.0034 0.0019
8258.37156 1.0062 0.0019
8262.36698 0.9985 0.0020
8262.36873 0.9971 0.0020
8262.37048 0.9983 0.0020
8262.37223 1.0011 0.0020
8263.38697 0.9950 0.0020
8263.38871 1.0008 0.0020
8263.39046 1.0045 0.0020
8263.39221 1.0038 0.0020
8266.41064 0.9943 0.0021
8266.41243 0.9886 0.0021
8266.41418 0.9921 0.0021
8266.41592 0.9879 0.0021
8267.38180 1.0055 0.0020
8267.38354 1.0092 0.0020
8267.38529 1.0048 0.0020
8267.38704 1.0085 0.0020
8269.38191 1.0112 0.0020
8269.38368 1.0065 0.0020
8269.38546 1.0089 0.0020
8269.38723 1.0079 0.0020
8270.37951 0.9976 0.0020
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8270.38129 0.9946 0.0020
8270.38307 0.9957 0.0020
8270.38484 0.9927 0.0020
8271.40903 1.0036 0.0022
8271.41078 1.0102 0.0022
8271.41253 1.0022 0.0021
8271.41428 1.0042 0.0021
8272.37962 0.9991 0.0020
8272.38137 0.9974 0.0020
8272.38312 0.9997 0.0020
8272.38487 0.9986 0.0020
8273.41196 0.9995 0.0022
8273.41371 1.0045 0.0022
8273.41545 1.0087 0.0023
8273.41720 0.9986 0.0022
8274.43947 1.0225 0.0025
8274.44124 1.0061 0.0024
8274.44308 1.0165 0.0025
8274.44485 1.0240 0.0027
8276.37303 1.0086 0.0022
8276.37480 1.0115 0.0022
8276.37658 1.0083 0.0022
8276.37836 1.0105 0.0022
8277.39316 1.0023 0.0022
8277.39494 0.9982 0.0022
8277.39677 0.9994 0.0022
8277.39855 0.9991 0.0021
8279.37414 0.9927 0.0021
8279.37592 1.0006 0.0021
8279.37770 0.9962 0.0022
8279.37948 0.9922 0.0021
8281.41871 1.0008 0.0021
8281.42049 1.0077 0.0021
8281.42223 1.0038 0.0021
8281.42399 0.9897 0.0021
8283.37423 1.0056 0.0022
8283.37599 1.0041 0.0021
8283.37774 1.0148 0.0021
8283.37950 1.0123 0.0021
Table A.6. Time series of AD Leo from STELLA data in I-band. For each ob-
servation we list the photometric normalized flux and its uncertainty.
JD-2450000 Normalized Flux σFlux
8225.49792 0.9975 0.0018
8225.49967 1.0002 0.0018
8225.50142 0.9997 0.0018
8225.50316 0.9971 0.0019
8235.35994 1.0018 0.0020
8235.36172 1.0012 0.0020
8235.36350 0.9996 0.0020
8235.36528 1.0005 0.0020
8238.36106 1.0099 0.0020
8238.36284 1.0050 0.0019
8238.36461 1.0065 0.0019
8238.36639 1.0041 0.0019
8239.36236 0.9941 0.0019
8239.36413 0.9914 0.0019
8239.36592 0.9907 0.0021
8239.36770 0.9937 0.0018
8242.36103 1.0033 0.0018
8242.36281 1.0073 0.0019
8242.36459 1.0044 0.0018
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8242.36636 1.0016 0.0018
8243.36206 1.0014 0.0019
8243.36383 1.0036 0.0019
8243.36561 0.9996 0.0018
8243.36739 0.9967 0.0018
8246.37312 0.9906 0.0018
8246.37490 0.9955 0.0018
8246.37667 0.9929 0.0018
8246.37845 0.9906 0.0019
8247.36288 1.0008 0.0018
8247.36466 0.9999 0.0018
8247.36644 1.0070 0.0018
8247.36822 1.0035 0.0018
8248.36343 0.9990 0.0018
8248.36526 0.9938 0.0018
8248.36703 0.9944 0.0018
8248.36881 0.9956 0.0018
8249.36363 0.9978 0.0019
8249.36538 1.0032 0.0019
8249.36714 0.9998 0.0019
8249.36890 0.9991 0.0019
8250.36592 1.0018 0.0019
8250.36768 0.9945 0.0019
8250.36943 0.9936 0.0019
8250.37119 0.9955 0.0019
8253.37953 0.9889 0.0022
8253.38134 0.9974 0.0019
8253.38310 0.9941 0.0019
8253.38485 0.9980 0.0020
8257.36662 0.9977 0.0019
8257.36840 0.9966 0.0019
8257.37018 1.0028 0.0019
8257.37196 0.9963 0.0019
8258.36712 1.0003 0.0019
8258.36889 1.0003 0.0019
8258.37067 1.0030 0.0019
8258.37245 1.0085 0.0019
8262.36785 0.9953 0.0020
8262.36960 0.9971 0.0020
8262.37135 0.9992 0.0020
8262.37310 1.0074 0.0019
8263.38784 1.0017 0.0019
8263.38959 1.0013 0.0019
8263.39133 0.9959 0.0019
8263.39308 1.0003 0.0019
8266.41156 0.9945 0.0020
8266.41331 0.9938 0.0020
8266.41505 1.0014 0.0020
8266.41679 0.9915 0.0020
8267.38267 1.0052 0.0019
8267.38442 1.0114 0.0019
8267.38616 1.0091 0.0019
8267.38791 0.9999 0.0019
8269.38279 1.0011 0.0019
8269.38457 1.0019 0.0019
8269.38635 0.9996 0.0019
8269.38812 0.9960 0.0019
8270.38040 0.9966 0.0019
8270.38218 1.0007 0.0020
8270.38396 0.9979 0.0019
8270.38573 0.9908 0.0019
8271.40990 1.0044 0.0020
8271.41165 1.0157 0.0020
8271.41340 0.9952 0.0020
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8271.41515 0.9963 0.0020
8272.38050 1.0030 0.0019
8272.38225 1.0117 0.0019
8272.38400 1.0131 0.0018
8272.38575 0.9959 0.0019
8273.41283 1.0037 0.0021
8273.41458 0.9965 0.0021
8273.41633 1.0042 0.0021
8273.41807 1.0008 0.0021
8274.44036 1.0049 0.0023
8274.44219 1.0012 0.0023
8274.44396 1.0239 0.0024
8274.44574 1.0051 0.0025
8276.37392 0.9977 0.0021
8276.37569 1.0047 0.0021
8276.37747 1.0061 0.0021
8276.37925 1.0099 0.0020
8277.39405 0.9955 0.0020
8277.39583 0.9933 0.0020
8277.39766 0.9946 0.0020
8277.39944 0.9983 0.0020
8279.37503 1.0008 0.0020
8279.37681 1.0087 0.0020
8279.37859 0.9994 0.0020
8279.38036 1.0023 0.0020
8281.41959 0.9925 0.0019
8281.42136 0.9932 0.0020
8281.42311 0.9926 0.0020
8281.42486 0.9973 0.0020
8283.37511 1.0001 0.0020
8283.37686 0.9986 0.0020
8283.37861 1.0066 0.0020
8283.38037 1.0011 0.0019
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